If the Internet made it easier for firms to enter new markets by reducing communication and search costs then it may also have made it easier to export goods and services. We find that higher Internet penetration in developing countries is correlated with greater exports to developed countries, but not with trade between developing countries or with exports from developed countries. Interpreting the correlations is difficult because causation may run from Internet use to exports or from trade openness to Internet use. To test whether Internet use affects export behavior, we endogenize Internet use by using countries' regulation of data services and Internet provision as instrumental variables. The results are robust to endogenizing Internet penetration, suggesting that access to the Internet does affect export performance of firms in developing countries. In other words, Internet access appears to stimulate exports from poor countries to rich countries. Moreover, the analysis suggests that regulatory policies affecting telecommunications and Internet development indirectly affect trade, further emphasizing the importance of deregulating potentially competitive services in the telecommunications industry.
INTRODUCTION
Much of the excitement surrounding the 'New Economy' did not survive the economic slowdown in 2001. However, two dramatic and real changes did take place in the mid-late 1990s and early 2000s. The first was a large increase in the international flows of goods, services and investment. Total world exports increased from 20 percent of gross world product in 1994 ($5.9 trillion in 1995 US$) to 29 percent of gross world product (US$9.6 trillion) in 2001 (World Bank, 2003b) . This increase is substantial considering that exports had consistently varied between 18 percent and 20 percent of gross world product for the previous fifteen years. The second was a revolution in Information and Communication Technologies (ICTs). Probably the most notable component of this was the dramatic growth of the Internet: about the number of Internet hosts soared from 17 per 10,000 people in 1994 to 231 in 2001 (International Telecommunication Union, 2003 .
Although export and Internet growth appear to have occurred contemporaneously, the two changes are not necessarily linked -with a relatively small number of annual observations, the timing could simply be coincidence. However, cross-country evidence also suggests a relationship between the Internet and globalization: countries that export more tend to have higher Internet penetration than countries that export less. 1 The cross-country correlation suggests a possible causal relationship between Internet use and exports, but tells us little about the direction of causality. That is, even if the correlation is not spurious, we cannot determine whether trade openness encourages Internet use, Internet use stimulates trade, or both. This paper contributes to the literature on the effect of the Internet on export behavior in two ways. First, it recognizes that the Internet may affect developing and developed countries differently. We find that Internet penetration is positively correlated with exports from developing countries to developed countries but not to other developing countries. Internet penetration does not appear to be correlated with exports from developed countries to other developed countries or to developing countries. Second, it assesses the extent to which Internet use affects exports, taking into account the endogeneity of Internet use. We do this through a two-stage approach using regulatory variables as instruments for Internet penetration. These instruments are correlated with Internet use, and hypothesis tests suggest that they are exogenous to aggregate exports.
Even after endogenizing Internet use, we find that it is positively correlated with exports from poor to rich countries. Thus, while it is likely that trade openness also affects Internet use, we find evidence that Internet use affects exports from developing countries. Moreover, our instruments suggest policy implications: regulatory policies in developing countries that affect telecommunications and Internet development also indirectly affect those countries' exports.
II. EXPORT BEHAVIOR AND INTERNET USE
Consistent with the country-level correlations, enterprises in developing and transition economies that export are far more likely than other enterprises to use the Internet to communicate with their clients and suppliers, according to surveys conducted by the World Bank (see Table 1 ). The difference between exporters and non-exporters appears to be true both in countries with high levels of Internet coverage (e.g., Slovenia, Estonia and Slovakia) and countries with very low levels of coverage (e.g., Tajikistan and Uzbekistan). Unfortunately, these enterprise surveys do not have detailed information on the destination of exports and, therefore, we cannot determine whether enterprises that export to developing countries differ from enterprises that export to developed countries.
The striking correlation between export behavior and Internet use at the enterprise level in developing countries has several plausible explanations. One possibility is that enterprises that are already exporting are more likely to connect to the Internet. Exporters might connect to the Internet because it provides a relatively cost-effective method for international communications relative to international telephone calls or faxes: the local or domestic longdistance charges necessary to connect to the Internet are far lower than international rates, (p-value = 0.00) across countries in 2001. especially in developing countries. 2 A second possibility is that the benefits of Internet access increase as the firm's customers and suppliers connect (i.e., there are network externalities).
Because Internet use is nearly universal among firms in most developed countries, firms in developing countries that do business in developed economies might benefit more from Internet access than would firms that do business only domestically. For both these reasons, Internet access might be higher for enterprises that export (especially those that export to developed countries).
Several recent studies have suggested that trade stimulates Internet use. For example, Onyeiwu (2002, p. 15) suggests that the 'extent to which a country is integrated into the global economy can play a role in its access to IT. Countries with greater contact, either via trade, tourism, or geographical location, with the outside world, are more likely to be advanced in digital technology than other countries.' Similarly, Caselli and Coleman (2001) argue that countries open to imports from high-income OECD economies will benefit from knowledge spillovers and, hence, be more likely to adopt new technologies.
Empirical studies of Internet adoption have found that Internet use is correlated with openness to trade even after controlling for other factors that might correlated with both. 3 For example, Wallsten (2003) and Baliamoune (2002) stronger in developing countries. Several of the papers that find a positive correlation between measures of ICT use and openness focus on developing countries (Baliamoune, 2002; Onyeiwu, 2002; Wallsten, 2003) , while others that have looked at both developed and developing countries find stronger results for developing countries. 5 These aforementioned studies have assumed, either explicitly or implicitly, that causation runs from openness to ICT use and investment. Since Internet access does not eliminate all other communications costs (e.g., the fixed costs associated with telecommunications services or even all telephone calls or postal deliveries), the total savings from Internet access will be relatively modest if it only substitutes for existing methods of communication.
On the other hand, Internet access might affect costs associated with exporting in other ways. In particular, Freund and Weinhold (2000, p. 4) argue that the Internet might help create global markets for traded goods by reducing the fixed costs associated with exporting. The and inputs) are more likely to engage in business-to-business (B2B) e-commerce, but not in business-to-consumer (B2C) e-commerce. Caselli and Coleman (2001) show that ICT investment is higher in countries that import more manufactured goods from countries in the OECD. Muller and Salsas (2003) find that the number of PCs, but not the number of Internet users and hosts, is correlated with imports. Finally, Clarke (2003) , which uses enterprise level data on Internet use for Eastern Europe and Central Asia, fails to find a positive correlation between openness to imports at the country level and Internet use at the enterprise level. In fact, in some model specifications, Clarke (2003) finds a negative correlation. This negative result, however, be due to imports from low and middle-income countries. Imports from high-income countries are positively correlated with Internet connectivity.
Internet could reduce costs "both directly via organized exchanges with numerous buyers and sellers and indirectly through powerful search engines, which enable sellers to notify buyers of prices instantaneously. This is very different from other recent innovations, such as the telephone or the fax, which only assist in bilateral communications." Daly and Miller (1998) present evidence from a 1998 survey of enterprises in 15 low and middle-income countries that suggests that firms in these countries do, indeed, use search engines to research market opportunities. 7 Of the 58 enterprises that reported having Internet access in their survey, 26
reported using search engines to look for marketing and production information. This was the second most common use of search engines, after looking for technical and computer information. To the extent that these uses reduce the fixed costs of finding markets and buyers, Internet access might therefore increase exports.
Most empirical studies have focused on whether openness to trade affects Internet penetration. However, several recent studies have asked whether Internet use affects trade. For example, using data from 20 low-and middle-income countries in Eastern Europe and Central Asia, Clarke (2001) shows that enterprises with Internet connections export more, as a share of their total sales, than enterprises without connections. In addition, using a gravity model of trade, Freund and Weinhold (2000) find that Internet use appears to be significantly correlated with trade after 1996, although they find only a weak correlation in 1995 and 1996. They also find that the Internet has a greater effect on trade in developing countries than it does in developed countries. In a second paper, Freund and Weinhold (2002) find that exports of services to the United States grew more quickly for countries with greater Internet penetration in a sample of 31 middle-and high-income countries. Freund and Weinhold (2000; control for the possibility of reverse causation only indirectly, by lagging the variable representing Survey. The survey is described in World Bank (2003a). 7 Daly and Miller (1998) note that their sample, comprised of International Finance Corporation (IFC) client companies, was not random. In particular, they note that IFC clients are likely to be more technologically sophisticated than other enterprises in developing countries. Given the high level of Internet connectivity they report (about 75 percent of industrial firms), it seems likely that this is the case. However, Internet connectivity has increased greatly in recent years in developing countries and the technical sophistication of the 'average' enterprise has, therefore, also likely increased since 1998.
Internet penetration by two periods. 8 Given that exports and Internet use both persist over time, lagged values might not fully control for reverse causation. 9
The benefits of Internet access may be especially pronounced for firms in developing countries.
Indeed, the cross-country correlation between export behavior and Internet use noted above is almost entirely due to developing countries -the correlations between exports and Internet use are 0.51 (p-value = 0.00) and -0.05 (p-value = 0.81) for developing and developed countries respectively. Further, for developing countries, Internet use is correlated only with exports to developed countries -the correlations between Internet use and exports to developed and developing countries are 0.52 (p-value=0.00) and 0.18 (p-value=0.14) respectively. 10 In summary, although exports from developing countries are correlated with Internet use, this only appears to be true for exports to developed countries. This correlation seems reasonable.
Internet access is ubiquitous among enterprises in developed countries, and small differences in country-level Internet penetration probably reflect differences in access by individuals or households, not businesses. In contrast, surveys reveal Internet access to be less common at even the enterprise level in developing countries (see Table 1 ), suggesting that reported differences in Internet penetration reflect differences in coverage at the enterprise level, as well. Indeed, Internet use at the individual level is highly correlated with Internet use at the enterprise level in the developing countries for which we have information on both (the correlation is 0.71 with a p-value=0.00). 11
In the next section, we test how the correlation between exports and Internet use differs among developing and developed countries, and explore whether it is robust to controlling for other variables and to allowing Internet use to be determined endogenously.
III. EMPIRICAL ESTIMATION

III.1 Cross-Sectional Estimation
To test whether Internet use affects exports, we use country-level data to estimate equation (1):
The dependent variable is exports from country i to country group j. Based upon the simple correlations, we look at exports to three different country groups: developing countries, developed countries, and total exports (i.e., to all countries). In addition, we also estimate separate regressions for high and low-income countries and test whether the two samples can be pooled into a single regression. The test is reasonable given that exports from developing countries appear correlated with Internet access, whereas exports from developed countries do not. Export data comes from the United Nations Statistical Division (UNSD) Commodity Trade (COMTRADE) database. The data is for 2001 and countries for which all data were available are listed in Table 2 .
The main independent variable, Internet Use i , is Internet users in country i as percent of the population. This variable represents Internet penetration and comes from International Telecommunication Union (2003) . The ITU estimates the number of Internet users using data from various sources including subscriber counts from Internet access providers and estimates based upon the number of Internet hosts in each country. Although the variable is far from perfect, it is highly correlated with other measures of Internet use, including estimates of the percentage of enterprises in developing countries with access to the Internet (ρ = 0.71). As a robustness check, we also estimate equation (1) replacing Internet users as percent of the population with Internet hosts per 100 persons. 12 A statistical correlation between Internet use and exports at the firm level may arise from omitting relevant variables that affect both of them from the analysis. For example, more efficient or technologically advanced firms might be more likely to have access to the Internet because they have greater resources available for investment in information technology or because investing in IT improves productivity. 13 Since more efficient firms in developing countries also appear to be more likely to export, the correlation between export behavior and Internet access could simply be spurious. 14 If small enterprises are less likely to export and also less likely to have access to the Internet, then omitting variables to control for enterprise size could lead to biased results. 15 Similarly, cross-country differences between industry structure and performance could also result in a spurious correlation in country-level correlations if the analysis does not adequately control for factors that affect both access and export behavior.
Thus, in addition to the main independent variable (Internet use), we also include several additional variables to control for natural openness. These include population, area, per capita GDP, per Capita GDP squared and a dummy variable representing whether the country is a major oil exporter. Pritchett (1996) uses similar variables, without a measure of Internet use, in regressions explaining trade openness. 16 These variables come from World Bank (2003b). Table 3 shows means and variances for the dependent and independent variables. 12 The measure of Internet hosts also comes from International Telecommunication Union (2003), using data collected by the Internet Software Consortium (http://www.isc.org) and RIPE (http://www.ripe.net). It is based upon the country code in the Internet host address (rather than actual physical location). 13 Using enterprise-level data from Eastern Europe and Central Asia from 1999, Clarke (2003) shows that better performing enterprises were more likely to have Internet access. 14 Many studies have found that enterprises that export are more efficient than enterprises that do not -see Tybout (2000) for a summary of the literature. This result could be because efficient enterprises self-select into exporting (i.e., the self-selectivity hypothesis) or because the discipline of exporting directly improves efficiency (i.e., the learningby-exporting hypothesis). 15 Several studies of small manufacturing enterprises in developing countries are less likely to export than larger enterprises. Biggs (2003) provides a summary of this literature. 16 In addition to adding Internet use, we also omit one variable used in Pritchett (1996) , the CIF/FOB (cost, insurance and freight/free on board) ratio, since this was not available for most countries in the sample.
As discussed previously, even if export behavior is correlated with Internet use, the direction of causality remains unclear. We use an instrumental variables approach to address this issue. Our main instrument for Internet access is a variable obtained from International Telecommunication Union (2002) representing whether a single company has a legal monopoly over data transmission services in a given country.
We believe the instrument is appropriate. If companies with legal monopolies over data transmission restrict access to data lines, as we would expect a monopoly to do (i.e., by setting prices above the competitive price), Internet access might be lower in those countries. One extreme example of this is in Malawi. Prior to telecommunications reform in 1998, the monopoly telecommunications provider in Malawi, Malawi Post and Telecommunications Corporation (MPTC) had a monopoly of both data and leased lines. 17 It used this monopoly to prevent ISPs (including companies that had managed to get licenses to do so) from entering the market by refusing to provide them with the lines that they requested (Article 19, 1998) .
Moreover, regulatory rules regarding entry into communications services are unlikely to affect exports other than through their effect on exporting firms' communications with their customers.
This instrument also performs well statistically. In first-stage regressions of Internet access on the instrument and the other included variables the coefficient on the regulatory variable is negative and significant at the 5 percent level (see Table 4 ). In other words, as we expected, Internet access is lower in countries with monopolies over data lines.
While we believe this variable to be a good instrument, we also use alternate instruments to test over-identifying assumptions and as a robustness check. In particular, we use two additional dummies; one indicating whether a single firm had a legal monopoly over Internet Service Provision, and another indicating whether a firm had a legal monopoly over leased lines.
Although the first variable is intuitively appealing, it does not perform as well as the dummy representing monopoly provision of data lines; in a first-stage regression, the coefficient on the dummy variable representing monopoly provision of Internet Service Provision is statistically 17 Clarke et al. (2003) describes telecommunications reform in Malawi insignificant (see Table 4 ). 18 One plausible reason for the statistical insignificance is that Internet Service Providers are monopolies in only a few countries in our sample (10 percent of the sample). In contrast, data lines are monopolies in 24 percent of the countries in our sample.
Further, the ISP information is available for fewer countries than is the information on data lines (80 and 91 countries respectively).
As a final robustness check, we also use an additional instrument -a dummy variable representing whether ISPs are required to get formal approval from the telecommunications regulator before starting operations. Wallsten (2003) shows that countries that require formal approval for ISPs have lower Internet penetration. Unfortunately, this variable, which comes from a World Bank survey of regulatory agencies in developing countries, is available for only a small sub-sample of the countries for which export data were available (26 countries) and is not available for any high-income countries. 19 Although the variables included in Pritchett (1996) seem to be a reasonable set of country controls, we also test whether the results are robust to including additional variables. One concern is that countries that liberalize their trade policies might also be more likely to liberalize other parts of their economies, including their telecommunications sectors, potentially leading to omitted variable bias. In particular, countries that are members of the World Trade Organization (WTO) might be more likely to liberalize their telecommunications sectors -for example by joining the optional WTO agreement on basic telecommunication services or agreeing to liberalize during accession negotiations. Further, countries that join the WTO might also export more -although recent studies have failed to find strong evidence that countries that belong to the WTO have more liberal trade policies than other countries. 20 Consequently, as a robustness check, we add a variable indicating that the country is a member of the WTO and a variable indicating that it has signed the WTO agreement on basic telecommunication services to the base 18 Recent studies have shown that coefficients on endogenous variables can be biased when weak instruments are used (see, for example, Staiger and Stock, 1997) . 19 Wallsten et al. (2003) describe the data and the survey. 20 In particular, Rose (2003b) fails to find strong evidence that countries that are members of the WTO actually have more liberal trade policies, while Rose (2003a) fails to find evidence that membership increases trade.
regression. In addition to the dummies representing WTO membership, we also add a variable representing the average (weighted) tariff in the country as an additional measure of liberalization.
In addition to concerns about liberalization, another concern is that countries that are more politically open might be more likely to allow easy Internet access, because they are less concerned about citizens accessing information critical of them that might be available on the Internet, and be more open to trade and investment. Consequently, we also add a variable to control for political openness to the base regression to check robustness. The variable is the index of 'voice and accountability' from Kaufmann et al. (2003) , which is a measure of political and civil rights in the country.
The final additional control that we add is an additional control for natural openness, representing the distance of the country from the rest of the world. This variable, constructed by Rose (2003b) , is defined for country i as the inverse of the mean of log real GDP for the export partner, country j, divided by the log of the distance between countries i and j.
III.2 Empirical Results
Results from OLS Regressions. Table 5 presents results from regressions of total exports, exports to high-income countries and exports to low-income countries on Internet use and additional control variables suggested in the literature on trade openness. The table presents results from separate regressions for high-and low-income countries. Since Internet use might affect enterprises in developing and transition countries differently than enterprises in developed countries, this approach seems appropriate. Furthermore, we reject at conventional significance levels the null hypothesis that the two sets of countries can be pooled in a single regression for both total exports and exports to high-income countries. 21 21 The χ 2 [7] statistics for the test of the null hypothesis that the two sets of countries can be pooled for total exports and exports to high-income countries are 16.4 (p-value=0.02) and 28.6 (p-value=0.00) respectively. Pooling is also rejected for exports to high-income countries (χ 2 [7]=12.4, p-value==0.08), but not total exports (χ 2 [7]=6.4, p-value=0.51), in the 2SLS regressions shown in Table 6 . The null hypothesis cannot be rejected at conventional significance levels for exports to developing countries. Greene (2000, pp. 292-293) describes the test used to test the hypothesis. The test does not require the variances of the disturbance terms to be equal in the two equations.
For high-income countries, the coefficients on Internet users as share of the population are statistically insignificant and economically small in all equations after controlling for other factors that might affect openness. According to the point estimates, a one-percentage point increase in the percent of the population that uses the Internet would increase exports as share of GDP by about 0.1 percentage points and would increase exports to high-income countries by about 0.05 percentage points. Given the widespread adoption of the Internet in most developed countries, the relatively modest impact of increased access might not be surprising.
For developing countries, contrarily, the coefficients on Internet users as share of the population are statistically significant and economically large. Assuming for now that causality runs from internet use to exports, the point estimates suggest that a one-percentage point increase in the share of the population with access to the Internet would increase total exports as percent of GDP by 1.4 percentage points and would increase exports to high-income countries by 1.3 percentage points. In contrast, increased Internet access does not appear to have a statistically significant impact on exports to developing countries.
For the most part the coefficients on the additional control variables are statistically insignificant. The only exceptions are the coefficients on area in the regressions for exports from high-income countries and the coefficients on area and population in the regression for exports to developing countries from developing countries. Although the coefficients on per capita GDP and per capita GDP squared are generally statistically insignificant at conventional significance levels (both singly and jointly), consistent with Pritchett (1996) the coefficients on the linear terms are positive while the coefficients on the squared term are negative. 22
Results from 2SLS Regressions. Although the OLS results suggest that the correlation between Internet use and exports is robust to the inclusion of additional variables that might affect both Internet use and openness, reverse causation remains a concern. When we test the null hypothesis that the variable representing Internet users as percent of the population is exogenous in the equations where the coefficients are statistically significant, we reject the null 22 In most cases, the coefficient on per capita income remains statistically insignificant after dropping the squared term. The one exception is in the regression for exports to high-income countries for the sample of high-income hypothesis in the regression for total exports from developing countries and fail to reject the null hypothesis in the regression for exports to high-income countries from developing countries. 23 Given that Hausman-type tests are typically relatively weak in small samples, this favors the results from the 2SLS regressions and suggests that Internet use is probably determined endogenously with exports.
To address this issue, we re-estimate the base regression shown in Table 5 allowing variable representing Internet use to be endogenous. To instrument for Internet use, we use the regulation dummy variable discussed above, which indicates whether the government allows a single firm to maintain a monopoly over data lines. We use this variable rather than any of the other variables (or a combination of dummies) due to concerns about missing data -including additional instruments can sharply reduce sample size. In the next subsection, as a robustness check, we test other combinations of plausible instruments. This variable seems to be appropriate instrument in that it is highly correlated with the endogenous variable, Internet users as percent of the population. In a first stage regression, the coefficient has an expected negative sign (i.e., Internet use is lower in countries where a single firm has a monopoly over data lines) and is statistically significant at a 5 percent significance level (see Table 4 ). The point estimate of the parameter suggests that, on average, there are 3.6 fewer Internet users per 100 people in countries that maintain legal monopolies over data lines.
The results from the 2SLS regressions are qualitatively similar to results from the OLS regressions (see Table 6 ). In particular, the coefficient on Internet users as percent of population is statistically insignificant and relatively small in all the regressions for exports from highincome countries, and in the regressions on exports from developing countries to other developing countries. In contrast, the coefficients are large and statistically significant in the regressions for total exports from low-income countries and exports from low-income countries to high-income countries. The coefficients are larger in the 2SLS regression than in the OLS regressions -the point estimates of the parameters suggest that a 1 percentage point increase in countries. 23 The χ 2 (1) statistic is 3.80 in the regression for total exports and negative in the regression for exports to highincome countries. In small samples, negative test-values are not uncommon in Hausman-type tests. This is a the number of Internet users increases total exports by 4.3 percentage points and exports from low-income countries to high-income countries by 3.8 percentage points. Although this might suggest that the effect is very large, it is important to keep in mind that there are very few Internet users per 100 people in many developing countries (see Table 3 ). Consequently, a 1percentage point increase in the number of Internet users as percent of the population is large.
Evaluated at the mean values for exports and Internet use in developing countries, the elasticity of total exports with respect to Internet use is about 0.8 and the elasticity of exports to highincome countries is about 1.0.
III.3 Robustness Checks for Cross-Sectional Results
Additional Control Variables. The variables included in the base regression, which were based upon the set of variables included in Pritchett (1996) do not include some variables that might potentially affect both Internet use and trade. One concern is that countries that are especially open to trade might also be more likely to liberalize their economies in other ways, including liberalizing telecommunications services. To try to reduce the possibility that the omission of variables that proxy for openness to trade might affect results, we add several additional control variables to the base regression. As a first test, we add dummy variables indicating that the country is a member of the World Trade Organization and that the country had signed the optional WTO agreement on basic telecommunication services to the base regression.
The dummies are both statistically insignificant and to not appear to affect the main results (i.e., the coefficient on Internet use remains statistically significant at a 5 percent level and about the same size as before -see Table 7 ). As a second test, we add an alternative control for trade policy to the base regression -the average weighted tariff in 2001. The coefficient on this variable is also statistically insignificant and does not appear to affect the coefficient on Internet use.
In addition to adding variables to control for trade policy, we add two other variables to the base regression as additional checks. The first variable is a measure of political opennesscountries that are more politically open might be more likely to allow their citizens free access to particular problem in regressions that use robust standard errors (see Baum et al., 2003, p. 27). the Internet and also might be more open to trade and investment. The second variable is a measure of 'remoteness' -how far the country is from other markets. 24 Adding these variables also does not appear to affect any of the main results -the coefficient on Internet use remains statistically significant at a 5 percent level and the coefficients on the additional control variables are statistically insignificant at conventional significance levels.
Internet Hosts. As discussed above, the measure of Internet use, Internet users as percent of the population, is based upon ITU estimates. Therefore, we replace this variable with the number of Internet hosts (per 100 people) as a robustness check. The results are broadly similar to the results using Internet users. The coefficient on Internet hosts is not statistically significant in the regression for exports from high-income countries to other high-income countries but is statistically significant and positive in the regression for exports from lowincome countries to high-income countries. According to the parameter estimates, increasing the number of Internet hosts by one per 100 residents would increase exports from developing countries to high-income countries as a share of GDP by 2.2 percentage points. Coefficients on the control variables generally appear similar whether Internet hosts or Internet users are used as a proxy for Internet penetration.
Alternative Instruments. In addition to the instrument used above, we also re-estimate the 2SLS regressions using alternate sets of instruments. The main concern regarding the alternate instruments is that they are available for fewer countries and using them sharply reduces sample size. On the other hand, adding additional instruments allows us to test overidentifying assumptions. In the first regressions, we add additional instruments representing whether ISPs and leased lines are provided by legal monopolies in each country (see Table 8 ). In the regression for exports from high-income countries to other countries, the coefficient on Internet users becomes larger and becomes statistically significant at a 1 percent significance level. The point estimate suggests that increasing the number of Internet hosts by one per 100 inhabitants, exports to other high-income countries would increase by nearly two percentage points. In the regression for exports from low-income countries to high-income countries, the coefficient remains statistically significant but become smaller than it was when the variable representing monopoly over data lines was the only instrument.
One advantage of adding additional instruments is that it becomes possible to test overidentifying assumptions. Using Hansen's J statistics as the test, the χ 2 (2) statistics are 0.5 (p-value=0.77) and 3.7 (p-value=0.15) for exports from high-and low-income countries respectively. Therefore, we fail to reject the null hypothesis that the instruments are exogenous, suggesting that the instruments are appropriate.
As a final robustness check, we replace the instruments with a dummy variable from a alternative source that represents whether ISPs need formal approval to operate in the country.
The results are, once again, broadly similar to the results with the other sets instruments, although the point estimate of the parameter is modestly smaller.
IV. CONCLUSIONS
Developing countries with higher Internet penetration export more to high-income countries than do developing countries where penetration is lower. However, they do not appear to export more to other developing countries and high-income countries with greater Internet penetration do not appear to export more to either developing or developed countries. These results make intuitive sense. First, Internet access is so common among manufacturing enterprises in high-income countries that differences in the number of Internet users (or hosts) as a percent of the population probably reflects differences at the consumer, rather than the enterprise, level in developed countries (i.e., most manufacturing enterprises will be connected to the Internet in developed countries). In developing countries, contrarily, many manufacturing enterprises remain unconnected (see Table 1 ). Second, because Internet access is less common in developing countries than in developed countries, being connected to the Internet would seem to be a greater advantage for enterprises in developing countries with respect to exporting to developed countries (i.e., to countries where their counterparts are likely to have access).
Finally, because of strong regional differences in income, and taking into account the fact that most exports from developing countries to other developing countries will be within the same region, communication costs will presumably be greater (and therefore Internet access a greater benefit) for exports to distant developed countries than it would be for exports to neighboring developing countries.
The results are robust to controlling for the possibility that Internet use is endogenous (i.e., that causation also runs in the opposite direction). We use a dummy variable representing whether data lines are a monopoly in the country as an instrument for Internet access. Previous work has shown that regulation has a significant impact on Internet access in developing countries (Wallsten, 2003) . Since Hausman tests confirm that Internet use is endogenous in some specifications and the instrument is negatively correlated with Internet use, even after controlling for other factors that might affect Internet use, the two-stage approach appears to be appropriate. As a final robustness check, we re-run the regressions using additional instruments related to the regulatory environment. In these regressions, tests of over-identifying assumptions confirm that the regulatory variables are valid instruments. These results strongly suggest that the correlation between Internet use and aggregate exports from developing countries to developed countries is not simply due to enterprises and individuals being more likely to use the Internet in countries that are more open to trade.
The results in this paper do not necessarily imply that causation runs in only one direction (i.e., they do not imply that openness to trade does not affect Internet penetration). Although
greater Internet use appears to result in increased exports at the country level, it is possible that causation also runs in the opposite direction. Indeed, the results from the Hausman test for endogeneity suggest that this is the case: Internet use appears to be endogenous in the estimated model.
While trade openness is likely to affect Internet development, our results suggest that causality also runs the other direction. Even when we endogenize Internet use by using regulatory variables as instruments, we find that Internet penetration in developing countries is positively correlated with exports to developed countries. In other words, our analysis suggests that Internet use may, in fact, help stimulate exports from poor countries to rich. As a result, our analysis suggests that when countries block competition in telecommunications, something that is crucial to Internet development, the country suffers not just in reduced Internet penetration, but also in lower exports to rich countries. 
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